Abstract: This report deals with micropropagation of the critically endangered and endemic Turkish shrub, Thermopsis turcica using callus, root and cotyledonary explants. Callus cultures were initiated from root and cotyledon explants on MS medium supplemented with 0.5-20 µM NAA or 2,4-D. The root explants were found to be better in terms of quick responding and callusing percentages as compared to the cotyledons. Organogenic callus production with adventitious roots and shoots were obtained on MS medium with only NAA. The calli obtained with NAA, root and cotyledonary explants were cultured with BA and kinetin (2-8 µM) alone or in combination with a low level (0.5 µM) of 2,4-D or NAA. The best regeneration of shoots from root explants was observed on hormone-free MS medium. NAA with BA or kinetin in the medium improved shoot induction from the calli obtained with NAA. Maximum percentage of shoots (93.3%), maximum number of shoots (6.2) and maximun length of shoots (8.22 cm) were achieved from cotyledonary explants at 4 µM BA and 0.5 µM NAA. The presence of 0.5 µM or higher levels of 2,4-D in shoot induction medium inhibited the regeneration in T. turcica explants. 83% of in vitro rooting was attained on pulsed-IBA treated shoots. The regenerated plants with well developed shoots and roots were successfully acclimatized. Application of this study's results has the potential to conserve T. turcica from extinction.
Introduction
Thermopsis turcica Kit Tan, Vural & Küçüködük (Fabaceae) is an endemic species to Internal-West Anatolia of Turkey and grows over a narrow area (∼3500 ha) located between the southern part of Eber Lake and the south-western part of Akşehir Lake. The occurrence of 3-4 free carpels is the main morphological character of this plant which is the first record in the subfamily Papilionoideae (Tan et al. 1983; Davis et al. 1988) . T. turcica has some ecological advantages such as not being grazed by domestic animals, not being used for medical purposes and vegetating via rhizome stems. However, almost all T. turcica populations are presently in agricultural fields and they are being heavily destructed by plowing or mowing during vegetation seasons. This takes place due to the activities of the local farmers who are trying to expand their farming areas to Akşehir Lake which has receded by more than 5 km during the last decades. In addition, the plants growing in agricultural fields only produce damaged and nongerminable seeds that prevent the natural seed dispersal. An unidentified seed predator larvae, most probably belonging to the order of Coleoptera, feeds on T. turcica seeds for development which is also a common problem for the seeds of Baptisia (Horn & Hanula 2004) , a genus genetically very close to Thermopsis (Dement & Mabry 1975) . It has been announced that this rare plant species is critically endangered according to UICN categorization (Ekim et al. 2000) , and there is an urgent need to conserve it from extinction. Problematic seed germination and seedling survival rate was previously reported for T. turcica (Cenkci et al. 2007 ). In vitro multiplication and cyropreservation tools are accepted as powerful alternative conservation techniques for endangered plant species making possible their reintroduction into the natural environment (Wochock 1981) , and thus reducing the risk of extinction (Nadeem et al. 2000; Chandra et al. 2006) . The present research is therefore aimed at developing a successful in vitro regeneration system for T. turcica using direct and indirect organogenesis techniques.
Material and methods

Plant material
It was only possible to obtain healthy T. turcica seeds from a small isolated population (<40 individuals) located in a marsh area south of Eber Lake at least 10 km away from the Akşehir populations and naturally protected against insect infestation (Cenkci et al. 2007) . In September 2004 and 2005 , relatively small amounts of seeds were collected to avoid major damage to this small population. After shelling seeds from pods, they were kept in glass jars in the dark at room temperature. For in vitro germination, the seeds were immersed into concentrated sulfuric acid for 90 min and rinsed subsequently thrice with sterile/distilled water before being transferred to basal MS medium.
Cultivation conditions MS salts and vitamins (Murashige and Skoog, 1962) , sucrose (3%) and agar (0.7%) were used for in vitro experiments. The pH of medium was adjusted to 5.8±0.1 before the addition of the gelling agent and autoclaved at 121
• C for 15 min. Distilled water was used throughout the study. All the cultures were incubated at 25 ± 1 
In vitro culturing
For callus induction, cotyledon leaves (∼ 4 × 8 mm) and root segments (≤ 1 cm) excited from 15 days old in vitro seedlings were cultured on MS medium supplemented with various concentrations (0.5 1, 2, 5, 10 and 20 µM) of 2,4-D or NAA. Callusing, adventitious root and shoot formation rates per explant were determined after five weeks.
For shoot induction and plantlet formation, callus (obtained with 2,4-D or NAA), root and cotyledonary explants were tested on MS medium supplemented with various concentrations (2, 4 and 8 µM) of BA and kinetin alone or in combination with a low amount (0.5 µM) of 2,4-D or NAA. Control cultures were maintained on MS medium without a plant growth regulator. The percentage of shoot formation and the mean number and length of shoots per explant were recorded after eight weeks to obtained well developed regenerants in order to use them directly in rooting experiments.
Inhibitory effect of 2,4-D on shoot induction was detected throughout the experiments, therefore a further experiment was designed to determine the level of inhibition or promotion of regeneration for 2,4-D. For this reason, cotyledonary explants were cultured on MS medium supplemented with 4 µM BA (alone as control) or in combination of various low concentrations (0.001-1 µM) of 2,4-D. Due to the limited number of seeds available, five explants per Petri dish were used in each trial with three replicates and each experiment was repeated at least twice.
In vitro rooting and acclimatization
In vitro differentiated shoots measuring 1.5-5.5 cm in length were excised from explants and cultured on 1 /2 MS medium supplemented with 0.5 and 5 µM IBA or NAA. Some randomly selected shoots were removed aseptically from auxin containing medium and transferred to hormone-free 1 /2 MS medium after 120 h. Some shoots were maintained on auxin free 1 /2 MS medium as control. 10 regenerates were used in each treatment and in vitro rooting experiment was repeated twice. The rooting was observed daily. The final data on rooting percentages, the mean number and length of longest roots per shoot were recorded after 5 weeks. Rooted plants were carefully removed from culture tubes, washed with water to remove the remnants of agar, transferred to pots filled with soil, sand and farmyard manure (1:1:1) and kept in a mist chamber for hardening at 80-90% relative humidity for 4 weeks. The regenerates were finally transferred into greenhouse conditions with dim lighting and watered with tap water.
Data analysis
The effect of different treatments was quantified and the data was analyzed using one-way analysis of variance (ANOVA), and means were compared using Duncan test at P < 0.05 significance level.
Results and discussion
Cotyledonary and root explants produced callus tissues with either NAA or 2,4-D (Table 1) . Callus inductions were observed on all surfaces of root explants in about four days, whereas cotyledonary explants responded on their cut surfaces after three weeks. NAA treatment of both explants resulted in semi-fragile and yellowgreenish callus texture (Fig. 1a) , while hard and green callus developments were obtained with 2,4-D (Fig. 1b) . Fig. 1 . Indirect and direct organogenesis in T. turcica. a -all surfaces of a root explant induced yellow, semi-fragile and organogenic callus on MS medium containing 2 µM NAA after five weeks; b -the cut site of cotyledonary explants induced green, compact and non-organogenic callus on MS medium containing 2 µM 2,4-D after five weeks. c -majority of cotyledonary explants spontaneously produced adventitious roots on MS medium containing NAA; d -majority of root explants produced adventitious shoots on MS medium with PGR free; e -cotyledonary explants produced multipleshoots with 4 µM BA and 0.5 µM NAA after 8 weeks; f -0.01 µM 2,4-D promoted multipleshoots induction in cotyledonary explants on MS medium containing 4 µM BA after three weeks; g -in vitro root development from pulsed auxin treated shoots (left) and continuous auxin treated shoots (right); h -acclimatized T. turcica plantlets after 6 months.
Generally, root explants were found to be better than cotyledonary explants in terms of quick responding and callusing percentages. NAA treatments of both explants also resulted in adventitious roots and shoot formations, but rhizogenesis was more apparent in cut sites of cotyledonary explants (Fig. 1c) . This was possibly due to the need of cotyledonary explants to meet more nutritional requirements. However, adventitious structures were absent in both types of explants incubated with various concentrations of 2,4-D. The callus tissues of Thermopsis lupinoides were also reported to produce simultaneous roots with NAA, but not with 2,4-D (Saito et al. 1989) .
The root explants enlarged and turned into a dark color on shoot induction media without callus production. Some died without giving any other response while others started to produce adventitious shoots after 10 days. 87% of the root explants produced adventitious shoots with plant growth regulator (PGR) free (Fig. 1d) or 4 µM kinetin supplemented media (Table 2) . However, there was no shoot induction in root explants cultured with 4 or 8 µM BA plus 0.5 µM NAA. Eapen and Gill (1986) reported plantlet regeneration for the root explants of seven month bean cultivars (Vigna aconitifolia) with PGR free. Such a situation could be classically explained by the endogenous plant growth regulator level of root explants; indeed intact root explants seem to have enough regeneration power and exogenously supplied cytokinins which might cause unbalance of the endogenous phytohormone level in root explants of T. turcica.
2,4-D originated callus explants produced intense callus proliferation on all tested shoot induction media after eight weeks without organogenic response. Unlike the root explants, regeneration capacities of NAA derived calli were significantly increased in the presence of NAA ( Table 2 ). The plantlet regeneration rate has decreased when kinetin concentrations increased, whereas Values within each column followed by the same letters are not significantly different by the Duncan test at 0.05% probability level. it was raised by the increasing BA concentrations in NAA derived calli. There was no observable morphogenic response in any of the cotyledonary explants (at least 210 explants used) treated with PGR free or kinetin with/without NAA. These explants turned to brown in color without explant enlargement and died in four weeks time. On the other hand, cotyledonary explants responded well and produced multiple shoots with BA treatments and the presence of NAA caused a significant increase in shoot formation compared to BA alone. Overall, the best multiple shoots induction and formation in T. turcica was obtained using cotyledonary explants with 4 µM BA+0.5 µM NAA (Fig. 1e) . Many studies related to in vitro organogenesis emphasize the importance of auxin/cytokinin ratio in the culture medium. Existing reports suggest that NAA at lower concentrations along with BA have a critical role in plant regeneration of some leguminous plants, such as Vigna mungo (Agnihotri et al. 2001) , Sophora toromiro (Jordan et al. 2001) , Acacia catechu (Kaur et al. 2004) , Psoralea corylifolia (Saxena et al. 2004) , Clitoria ternatea (Rout 2005) and Mucuna pruriens (Faisal et al. 2006) . The presence of 0.5 µM 2,4-D in the culture medium inhibited morphogenesis in all tested T. turcica explants, regardless of the type and amounts of the used cytokine (results are not shown). In a further experiment, cotyledonary explants were cultured with 4 µM BA alone (as control group) or with the addition of different low levels of 2,4-D (Table 3 ). It was found that the presence of 0.01 µM 2,4-D significantly enhanced multipleshoots production in cotyledonary explants (Fig. 1f) . The regeneration in T. turcica was strictly inhibited by 0.5 and 1 µM 2,4-D. Inhibition of regeneration by 2,4-D was mostly reported for Brassica napus (Klimaszewska & Keller 1985; Bogunia & Przywara 2000; Slesak et al. 2005) . The situation could be influenced by the family, genus, species or cultivar (Singh & Sehgal, 1999) , could be related to long incubation period on 2,4-D containing medium (Slesak et al. 2005) and as shown in this study, could be related to used amounts of 2,4-D.
There was no observable root induction on shoots that were placed on auxin free 1 / 2 MS medium after five weeks (Table 4) . The rooting only occurred on shoots cultured on IBA or NAA. The shoots produced differently characterized roots, their appearance depending on their continuous or pulsed auxin treatments. The roots of pulse treated shoots (9-20 days) emerged earlier than those of continuously treated shoots (16-31 days). The roots were shorter, thicker and dark colored in continuous treatments; in contrast they were longer, thinner, pale in color and well branched in pulsed groups (Fig. 1g) . It seems that culturing the plantlets with continuous auxins retarded root emergence and development. Although auxins are essential for root induction, they may not be required for root growth; rooting is sometimes inhibited in the continuous presence of auxins (Torrey 1976) . The plantlets rooted on pulsed and continuous treatments were quite successfully acclimatized with 83% and 75% survival rates, respectively. Acclimatized plantlets were healthy and well developed when transferred to soil. The plants grew as high as 50 cm and no morphological difference from the parent plants was evident after six months of transplantation (Fig. 1h ).
In conclusion, the obvious and reproducible responses of T. turcica explants could be a useful model system to understand the detailed mechanisms of usual auxins and cytokinins on callusing and organogenesis. Furthermore, T. turcica has already lost its natural habitat and intensive destruction is still in progress during its vegetation seasons by the local farmers. Unavailability of seeds, either because of not reaching flowering stage or because of pest infestation, inhibits its natural seed dispersing. Therefore, special attention needs for its in situ and ex situ conservation and in vitro techniques presented in this report would be helpful in large scale restoration programs of T. turcica.
